X chromosome inactivation (XCI) achieves dosage compensation between males and females for most X-linked genes in eutherian mammals. It is a whole-chromosome effect under the control of the XIST locus, although some genes escape inactivation. Marsupial XCI differs from the eutherian process, implying fundamental changes in the XCI mechanism during the evolution of the two lineages. There is no direct evidence for the existence of a marsupial XIST homologue. XCI has been studied for only a handful of genes in any marsupial, and none in the model kangaroo Macropus eugenii (the tammar wallaby). We have therefore studied the sequence, location and activity of a gene SLC16A2 (solute carrier, family 16, class A, member 2) that flanks XIST on the human and mouse X chromosomes. A BAC clone containing the marsupial SLC16A2 was mapped to the end of the long arm of the tammar X chromosome and used in RNA FISH experiments to determine whether one or both loci are transcribed in female cells. In male and female cells, only a single signal was found, indicating that the marsupial SLC16A2 gene is silenced on the inactivated X.
Introduction
Comparative genomics is a valuable tool for exploring the organization, function and evolution of the mammalian genome. Comparison of gene location between distantly related species can provide information about genome rearrangement in evolution, identification of conserved sequences can reveal important functional sequence elements, and comparison of genetic control mechanisms can reveal how regulatory mechanisms evolved, and how they function. Studies of distantly related mammals such as human and kangaroo are particularly valuable in providing evolutionary depth for stringent analysis.
Comparative genomics has revealed the origin of the mammalian X chromosome. The gene content of the X is almost completely conserved across eutherian (Fplacental_) mammals, but gene mapping and chromosome painting between the three groups of mammals (eutherians, marsupials and monotremes) show that part of the X is ancient, and part recently added (Graves 1995 , Wilcox et al. 1996 , Glas et al. 1999 . Genes on the long arm of and the pericentric region of the human X are also X borne in marsupials, implying that this region (X conserved region XCR) has been part of the X chromosome since the divergence of marsupials and eutherians, at least 180 million years ago (Woodburne et al. 2003) . However, most genes on the short arm of the human X are autosomal in marsupials and monotremes (X added region XAR), implying that they were added to the eutherian X chromosome between 105Y180 million years ago (Graves 1995 , Wilcox et al. 1996 .
X chromosome inactivation (XCI) is a unique developmental regulatory mechanism that achieves dosage compensation of X-linked genes between males (XY) and females (XX) mammals (Lyon 1961) . It occurs early in embryogenesis, is somatically heritable, and is effected by a multistep mechanism (Gartler et al. 1985 , Plath et al. 2002 . XCI is achieved by the transcriptional silencing of genes on one of the two X chromosomes in female cells (Graves & Gartler 1986) , as predicted by Lyon (1961) .
XCI in humans and mice requires a cis-acting locus for the initiation and propagation of the silencing signal. This X inactivation centre (XIC) is defined as the minimal region of overlap retained in a series of X-chromosome translocations and deletions that could undergo inactivation. In humans the XIC is a 680Y1200-kb region within Xq13.2 (Brown et al. 1991 , Leppig et al. 1993 . The corresponding mouse XIC, based on sequence comparisons and functional analysis (located in syntenic region X42.0 cM) is smaller (Rastan 1983 , Chureau et al. 2002 , and is inverted relative to the centromere. However, the order and orientation of genes within the XIC is perfectly conserved except for SLC16A2, which is in the same location but in the inverse orientation in humans. The order of genes in humans is TEL, SLC16A2, XIST, CHIC1 (formerly, BRX), CDX4, NAPIL2 (formerly, BPX), and in mouse, CEN, Slc16a2, Xist, Chic1, Cdx4, NapIL2 (Chureau et al. 2002) .
Surprisingly, 10Y20% of genes on the human X chromosome, largely on the short arm, have been found to escape XCI (Carrel & Willard 2005) , with differences in the number of escapee genes seen in mice (Disteche et al. 2002) The concentration of these escapee genes on the short arm of the human X chromosome is readily explained by the recent addition of this region to the X, and its progressive recruitment into the X inactivation system (Graves et al. 1998) .
The XCI system of marsupials offers valuable variants to examine how and when the layers of this complex regulatory system evolved. Marsupial XCI differs from eutherian XCI in being paternal rather than random, incomplete and tissue-specific , and there is little evidence of sex chromatin (McKay et al. 1987) . Paternal X inactivation also occurs in early embryogenesis and in rodent extraembryonic tissue (Takagi et al. 1978 , Huynh & Lee 2003 , Okamoto et al. 2004 , suggesting that the marsupial mechanism could be ancestral (discussed by Cooper 1971 , Ohlsson et al. 2001 . There are also differences in the molecular mechanism. Although late replication and histone deacetylation have been demonstrated in marsupials (Graves 1967 , Wakefield et al. 1997 , DNA methylation differences have not (Piper et al. 1993) . This suggests that histone modification is a primary change shared by both groups, but DNA methylation evolved recently in eutherians as a late-acting locking mechanism.
There is no direct evidence for the existence of a marsupial XIST gene in marsupials, despite a ten-year search in this laboratory. As a starting point for a systematic search of the region syntenic to the human XIC in the tammar wallaby (Macropus eugenii), we describe here the isolation and characterization of the M. eugenii orthologue of the eutherian XIST-flanking gene SLC16A2, its physical location on the X chromosome and its X inactivation status.
The SLC16A2 gene (solute carrier, family 16, class A, member 2, also known as DSX128E, XPCT for X linked PEST box containing transporter and MCT8 for monocarboxylate cotransporter 8) is located on the long arm of the human X chromosome (Xq13.2) about 600 kb distal to the XIST gene (Lafreniere et al. 1993) , and on the mouse X chromosome (X42.0 cM) about 300 kb proximal to the Xist gene (Debrand et al. 1998) . Isolated by positional cloning in humans (Lafreniere et al. 1994) , it covers 117 kb in humans and 147 kb in mouse (Chureau et al. 2002) , with all six exonYintron boundaries perfectly conserved between the species (Debrand et al. 1998) . Human SLC16A2 transcribes a 4.4-kb mRNA (Genbank accession number NM_006517) that encodes a protein of 613 amino acids. The 4.2-kb mouse cDNA (Genbank accession number NM_009197) encodes a predicted protein of 565 amino acids (Debrand et al. 1998) . The SLC16A2 protein is one of 14 members of the monocarboxylate cotransporter family that mediates movement of lactate and pyruvate across membranes, and may be involved in thyroid hormone transport (Friesema et al. 2003) . The protein contains 12 hydrophobic transmembrane domains and its most interesting feature is its N-terminal sequence containing a PEST motif (rich in proline/glutamic acid repeats), indicative of rapid SLC16A2 protein degeneration (Rechsteiner & Rogers 1996) .
Expression studies have indicated that human SLC16A2 is subject to XCI, as it is expressed by the active X chromosome only (Lafreniere et al. 1994) . X-inactivation of the mouse Slc16a2 gene has also been demonstrated (Debrand et al. 1998) . We show here that a conserved tammar wallaby orthologue of SLC16A2 lies on the X chromosome and is also subject to X inactivation in a female cell line.
Materials and methods

Screening of a Macropus eugenii cDNA library
A M. eugenii pouch young cDNA library, constructed under contract by Clontech (USA) from RNA derived from one male and one female whole pouch young, was screened with a 2-kb human SLC16A2 cDNA clone. The probe was labelled with 32 Pradiolabelled dATP using the Megaprime DNA labelling system (Amersham, Australia) according to the manufacturer_s instructions. Hybridization was in Modified Church and Gilbert hybridization buffer (0.5 mmol/L phosphate buffer, pH 7.2, 7% (w/v) SDS, 10 mmol/L EDTA, 1% BSA), containing 100 mg/ml salmon sperm DNA, for 48 h at 55-C. Filters were first rinsed in 2Â SSC and then washed three times with 0.1% SDS, 2Â SSC for 10 min at 55-C and rinsed in 2Â SSC at room temperature before exposing them to X-ray film for 16 h at j80-C. Positives clones were sequenced.
M. eugenii BAC library screen
The primers Me SLC16A2 F9: 5 0 -GCTCTGGGCT CCTCTGTTTA-3 0 and Me SLC16A2 R1607: 5 0 -CTTCCCTGCCCTCATAACCT-3 0 were designed from the isolated cDNA (above), to amplify the M. eugenii SLC16A2 3 0 -untranslated region (UTR, 1599 bp) from genomic DNA under the following cycling conditions: 94-C for 2 min Â 1 cycle, followed by 35 cycles of 94-C for 30 s; 60-C for 30 s and 72-C for 1.5 min; with a final extension of 10 min at 72-C. PCR amplifications contained 1Â PCR buffer containing MgCl 2 (1.5 mmol/L, Promega, Sydney, Australia), 200 2mol/L dNTPs (Roche, Sydney, Australia), 1.0 2mol/L of each primer (Geneworks, Adelaide, Australia), 0.625 U Taq polymerase (Promega) in a 25-2l final reaction volume. This 3 0 UTR product was used to screen a M. eugenii bacterial artificial chromosome (BAC) library (Sankovic et al. 2005) . The probe was labelled and BAC library filters hybridized and washed as described for the cDNA library screen; but hybridization was carried overnight at 65-C and washes performed at 65-C. Filters were exposed to X-ray film for up to a week at j80-C. DNA from positive BAC clones was prepared, and 50 ng were used for PCR reactions with primers Me SLC16A2 F9 and Me SLC16A2 R1607 to verify clones containing the SLC16A2 3 0 UTR.
RNA isolation and reverse transcription PCR (RT-PCR)
Tissue was collected under The Australian National University Animal Experimentation Ethics Committee proposal number R.CG.08.03. RNA was isolated from 3-mm cubes of tissue using the RNAeasy Mini Kit (Qiagen, Melbourne, Australia) according to the manufacturer_s instructions. Isolated RNA (1 2g) was reverse-transcribed using Expand Reverse Transcriptase (Roche, Sydney) with random decamers (Ambion, Adelaide, Australia) following the manufacturers_ instructions (Ambion). FNo reverse transcriptase_ control reactions were set up to make sure that amplified products did not originate from DNA contamination. The cDNA template (100 ng) was amplified with Me SLC16A2 F9 primer and Me S L C 1 6 A 2 R 9 : 5 0 -C C T T C C C T G C C C T C A TAACCTA-3 0 primer, generating a 427-bp product. Relative quantitative RT-PCR was performed by multiplexing SLC16A2 amplification with Quantum RNA 18S Universal Internal Standards (Ambion). As advised by the manufacturer, we determined the linear range of amplification for SLC16A2 and the optimal ratio of 18S primer : competimer. PCR amplifications contained reagents as listed previously with the addition of 2 2l 3 : 7 18S primer : competimer mix in a 25-2l final reaction volume. Cycling parameters were also as described above, but only for 30 cycles. Images were analysed with the Image J software and relative quantitation was determined by measuring band brightness. Gene-specific values were divided by the corresponding 18S values. Experiments were performed in triplicate.
Metaphase spread preparation M. eugenii male fibroblast cells and female cornea cells were cultured at 35-C in an atmosphere of 5% CO 2 in a 1 : 1 mix of Dulbecco_s Modified Eagle_s and AmnioMax C100 media (Gibco Invitrogen Corp., Carlsbad, CA, USA), supplemented with 10% fetal calf serum, L-glutamine (0.1 mg/ml), and gentamycin (10 2g/ml) (Gibco Invitrogen). Chromosome preparations were made by arresting cells at metaphase for 2 h with a 50 ng/ml final concentration of Colcemid (Roche). Cells were harvested and then swelled for 1 h in 0.075 mol/L warm (37-C) KCl and fixed in several changes of 3 : 1 methanol : acetic acid. The fixed cell suspensions were dropped onto water drops on cleaned microscope slides and air-dried. Slides were used for DNA FISH and for G-banding analysis.
DNA FISH
The Me SLC16A2 BAC (1 2g) was biotin-labelled by nick translation using the BioNick Labeling System (Invitrogen Life Technologies) following the manufacturer_s instructions. The labelled probe was precipitated overnight (at j20-C) in the presence of 20 2g glycogen, 1 2g M. eugenii sheared genomic DNA and 3 volumes of 100% ethanol. The probe was resuspended by incubation in 15 2l hybridization buffer (50% v/v deionized formamide, 10% v/v dextran sulfate, 2Â SSC, 40 mmol/L sodium phosphate, 1Â Denhardt_s solution) at 37-C for 30 min. M. eugenii male fibroblast metaphase spreads were placed in denaturing solution (2Â SCC, 70% formamide) at 70-C for 1 min 40 s and, immediately after, in ice-cold 70% ethanol for 5 min, dehydrated to 100% ethanol at room temperature and air dried at 37-C until ready to use. The probe was denatured for 10 min at 70-C, quenched on ice for 2 min and allowed to preanneal for 20 min at 37-C. Probe (13 2l) was applied to a metaphase spread on a treated slide and sealed under a coverslip with rubber cement. Hybridization was for 48 h in a humid chamber at 37-C. After hybridization, slides were soaked in 2Â SSC for 5 min, washed twice for 5 min in 0.5Â SSC, 50% formamide at 42-C, twice for 5 min in 0.5Â SSC at 42-C and once in 4Â SST (4Â SSC, 0.05% Tween 20) for 5 min at room temperature. They were blocked for 30 min in 3% BSA, 4Â SST (100 2l) at 37-C under a parafilm coverslip. Probe was detected with three layers of antibodies (100 2l). Fluorescein isothiocyanate (FITC)-conjugated avidin was used in the first and last layer (1 : 200 dilution in 1% BSA, 4Â SST) and biotin anti-avidin in the second layer (same dilution). Antibodies were incubated for 30 min each at 37-C and kept in the dark. Between layer applications slides were washed three times for 5 min in 4Â SST at room temperature, except after the last antibody layer when four washes were performed. Slides were mounted using Vectashield (Vector Laboratories, California, USA) containing 1.5 2g/ml 4 0 ,6-diamidino-2-phenylindole (DAPI) to counterstain chromosomes and cell nuclei. Fluorescence was visualized with a Ziess Axioplan epifluorescence microscope and images recorded with a thermoelectronically-cooled chargecoupled device camera (RT Monochrome Spot, Diagnostic Instruments, Sterling Heights, MI, USA). IPLab imaging software (Scanalytics Inc., Fairfax, VA, USA) was used to capture grey-scale images and to convert them to coloured images that could be superimposed.
RNA FISH
RNA FISH was performed using the Me SLC16A2 BAC. The BAC (1 2g), labelled using a DIG nicktranslation kit (Roche), was mixed with 45 2g total marsupial (M. eugenii) DNA, 32g salmon sperm DNA, 3 2g yeast tRNA, 10 2l 3-mol/L sodium acetate and 700 2l of 100% ethanol prior to overnight precipitation. Hybridization buffer (10 2l of 50% formamide, 2Â SSC and 10% dextran sulfate) was added to the probe mix. Marsupial (M. eugenii) female fibroblasts derived from cornea and embryonic male fibroblasts were cultured on gelatin-coated Plastek coverslip kits (MatTek Corporations) in AmnioMAX media (Gibco Invitrogen). Coverslips were washed with PBS and cells were either permeabilized using Triton X in buffer (100 mmol/L NaCl, 300 mmol/L sucrose, 3 mmol/L MgCl 2 , 10 mmol/L Pipes, pH 6.8) prior to fixation in 4% paraformaldehyde (10 min) or fixed in 1 : 3 acetic acid : methanol fixative at room temperature twice for 2 min and once for 15 min and air-dried. There was no significant difference between results obtained with either fixation method. After denaturation of the labelled probe at 75-C for 5 min and preannealing at 37-C for 30Y45 min, 6 2l of probe was added to the coverslips and hybridized overnight at 37-C in a humid chamber. Coverslips were washed in 2Â SSC at 73-C for 5 min and in 2Â SSC containing 0.03% Triton X-100 for 5 min to remove excess probe. Blocking buffer was added to coverslips (4Â SSC with 0.4% nuclease-free BSA) and incubated for 20 min at 37-C. Coverslips were incubated with the primary antibody in detection buffer (4 2l mouse anti-DIG in 1 ml 4Â SSC and 0.1% nuclease-free BSA) for 60 min. Coverslips were washed three times in 2Â SSC with 0.03% Triton X-100 for 2 min each and then incubated with the secondary antibody in detection buffer (36 2l FITC anti-mouse in 964 2l 4Â SSC and 0.1% nuclease-free BSA) for 30 min. Coverslips were again washed three times in 2Â SSC with 0.03% Triton X-100 for 2 min each, and then 2 min with 2Â SSC before being stained with 0.5 2g/ml Hoechst for 5 min. Coverslips were washed in PBS, then mounted using Vectashield (Vector Laboratories) and viewed under a fluorescence microscope. Two to five independent hybridizations were performed for each cell line, and two investigators examined the slides. 
Results
Isolation of M. eugenii SLC16A2 cDNA and BAC clone
Screening of the M. eugenii pouch young cDNA library yielded 3797 bp of SLC16A2 mRNA sequence (Genbank accession AY735990). A total of five clones were isolated and restriction mapped. All contained shared bands, so the longest clone was sequenced.
The CLUSTAL W program (Thompson et al. 1994) , available through Biomanager (ANGIS Y http://www.angis.com.au), was used to compare the M. eugenii and human (Genbank accession U05315) SLC16A2 sequences. This comparison revealed strong conservation in the coding region of the gene (77% sequence identity), dramatically decreasing over the 3 0 UTR (47%). The M. eugenii predicted SLC16A2 protein is 495 amino acids and shares high homology with the human protein (Figure 1) .
A maximum likelihood protein tree (Whelan & Goldman 2001 ) using an empirical model for globular proteins was constructed using the PyEvolve molecular evolution toolkit (Butterfield et al. 2004) . The SLC16A2 protein phylogenetic tree (Figure 2) shows the M. eugenii SLC16A2 protein clustering with all the SLC16A2 proteins available for different species, further supporting the identification of a SLC16A2 orthologue rather than a pseudogene or homologue of other family members. The topology of the tree is in good agreement with the accepted phylogenetic relationship of the species used.
The isolated M. eugenii SLC16A2 3 0 UTR sequence was used as a probe to screen the M. eugenii BAC library. One positive BAC clone (121C8) was confirmed by amplification of SLC16A2 3 0 UTR and sequencing of the product. The full BAC clone sequence (37 kb) is available under Genbank accession number CR385048. The BAC clone contains exons 4Y6 of the marsupial SLC16A2, and the two terminal exons of the RNF12 (putative ring zinc finger protein Ny-REN-43 antigen) gene. Comparisons of the genomic sequence (BAC clone 128C1) with human and mouse sequence showed no conserved intronic or extragenic regions.
Expression analysis of the marsupial SLC16A2
RT-PCR was performed to determine whether the marsupial SLC16A2 gene was expressed in adult female tissues (brain, lung, heart, muscle, liver, kidney), adult testis and female pouch young brain (Figure 3 ). Internal 18S rDNA universal primers were used to relatively quantitate expression. The marsupial SLC16A2 gene was highly expressed in pouch young brain and adult kidney, moderately expressed in adult brain, lung, heart and muscle, and not, or barely expressed in liver and testis.
Mapping marsupial SLC16A2
Fluorescence in-situ hybridization (DNA FISH) using the Me SLC16A2 BAC clone 121C8 mapped the M. eugenii SLC16A2 gene to the end of the long arm of the X chromosome (Figure 4) . Twenty male cells were examined, and all showed signal in this position on both chromatids.
Inactivation status of the marsupial SLC16A2
To determine the X inactivation status of SLC16A2, we performed RNA FISH using the Me SLC16A2-BAC clone 121C8 on both female and male fibroblasts cells ( Figure 5 ). As shown in Table 1 , we found a single signal in most nuclei from both sexes (84% of 296 cells scored in male from two experiments, and 76% of 561 cells in female from five experiments). There was no significant difference between results obtained from nuclei fixed in paraformaldehyde (75% of 435 female cells with one signal) and nuclei fixed in methanol : acetic acid (82% of 126 female cells with one signal). Cells with no signals probably represent inefficient hybridization. Of the female cells, 17% had two signals, and could potentially represent cells in which SLC16A2 escaped X inactivation, but the additional signal might also represent background fluorescence, and/or tetraploid cells. By cytogenetic analysis we determined that 6.4% and 3.6% of metaphase cells were tetraploid in the female cell line and in the male cell line, respectively. Our results indicate that the marsupial SLC16A2 gene is subject to X inactivation, at least in a large majority of cells.
Discussion
The informative variation between eutherian and marsupial XCI, and the prediction that marsupial XCI represents the ancestral mechanism, make it vital to compare the elements of X inactivation. Comparison of the physical organization and evolution of the region in and surrounding the putative marsupial XIC will provide us with a starting point to search for the elusive marsupial XIST homologue. We have therefore isolated a full-length cDNA clone, and a partial genomic clone, of the marsupial SLC16A2 gene, which flanks XIST in human and mouse, and can therefore compare its sequence, expression, location and activity between marsupials and eutherians.
Sequence comparisons of SLC16A2
The phylogenetic relationship that we established between the marsupial SLC16A2 protein and all other SLC16A2 protein sequences available to date is in accordance with the evolutionary divergence of the species. The full-length cDNA sequence of the M. eugenii SLC6A2 gene isolated from a male + female pouch young cDNA library shows high homology to its human orthologue over the coding sequence. At the protein level, the human and marsupial SLC6A2 amino acid sequences are particularly conserved over the 12 hydrophobic transmembrane domains (Lafreniere et al. 1994) , reflecting important evolutionary constraints on the structure of the SLC16A2 protein. However, the N-terminal PEST domain, which is thought to be important for the turnover of the protein, is less conserved than it is between the human and murine proteins. This is consistent with Table 1. the proposal (Debrand et al. 1998 ) that overall structural conservation of the PEST domain is sufficient, without a requirement for exact homology at the amino acid level, although it remains possible that sequence divergence of this domain reflects a real functional divergence between the species.
Expression profile of marsupial SLC16A2
The expression profile of SLC16A2 was somewhat different between M. eugenii and human/mouse. In tammar, expression was highest in the pouch young brain and adult kidney, whereas in humans it is highest in liver; expression in mouse liver and kidney was also high, with very low expression in adult brain tissues (Lafreniere et al. 1994 , Debrand et al. 1998 . The high expression in brain of the developing tammar is interesting because it may relate to the function of SLC16A2 in thyroid hormone transport. SLC16A2 has been described as the most active and very specific thyroid hormone transporter known to date (Friesema et al. 2003) . Thyroid hormones are important for tissue development and metabolic function, and have been shown to be essential for normal neonatal brain development in both humans and rodents (Porterfield & Hendrich 2005) . Mutations in the human gene have been described in two unrelated families. Affected males showed abnormal thyroid phenotypes with severe neurological abnormalities. Related affected females showed a milder thyroid phenotype and no neurological defects (Dumitrescu et al. 2004) , presumably because random X inactivation results in the presence of some normal protein in heterozygotes.
Location of marsupial SLC16A2
Human SLC16A2 (human Xq 13.2) maps within the X conserved region on the long arm of the human X at Xq13.2, close to the XIST gene. We determined that the M. eugenii SLC16A2 maps to the distal end of the long arm of the X chromosome. The X location of the tammar SLC16A2 is consistent with the theory that the marsupial X chromosome represents the ancient mammalian X, represented by human Xq, which was enlarged by the addition of an autosomal region (Graves 1995) . However, the M. eugenii G6PD gene (located at human Xq28) maps just below the centromere on the long arm of the tammar X chromosome (Koina & Graves 2005) , suggesting at least one large rearrangement between the X chromosomes of M. eugenii and humans.
Inactivation of marsupial SLC16A2
The human SLC16A2 gene was shown to be subject to XCI by recording expression (RT-PCR) from the active and inactive human X chromosomes isolated in somatic cell hybrids. Products could be amplified only from hybrids containing an active X (Lafreniere et al. 1994) . In mouse, Debrand et al. (1998) used SSCP analysis to distinguish allelic transcripts that differ in the 3 0 UTR in F1 hybrid females that undergo non-random XCI such that genes subject to XCI are expressed only from one allele (Rougeulle & Avner 1996) . There was only monoallelic SLC16A2 expression in the F1 females, indicating the mouse SLC16A2 gene is also subject to XCI.
The analysis of whether or not genes are subject to X inactivation is more difficult in species such as the tammar for which somatic cell hybrids or extensive expressed polymorphisms and clonal cell lines are not available, or are more difficult to obtain. The marsupial X inactivation status of classical X-linked genes like G6PD and PGK1 were determined by analysing isozyme expression in hybrids (Samollow et al. 1986) . The isolation of a marsupial BAC clone containing the SLC16A2 gene allowed us to performed RNA FISH experiments to determine the X inactivation status of the gene. Our RNA FISH results are consistent with the SLC16A2 gene being subject to X inactivation in marsupials.
The marsupial X inactivation system is thought to be ancestral to all mammals, so it is important to identify the components of the complex regulatory system that are shared with eutherians, and therefore ancient. Identification of marsupial XIST, or the unambiguous demonstration that there is no marsupial XIST, is therefore important for our understanding of eutherian X inactivation. The impending marsupial genomic sequencing (Wakefield & Graves 2003) will allow us to perform a more complete comparative analysis, including the identification of additional transcripts and their X inactivation status, providing a framework for generating and testing different hypotheses to explain how X chromosome inactivation evolved, and how it functions.
